Introduction
Photofabrication is the technology which can create a three-dimensional free-form from 3D CAD data with UV curable resin [1] . A thin layer of a liquid UV curable resin is cured when the laser light is irradiated according to slice data derived from 3D CAD data. On this cured layer, liquid UV curable resin is introduced and then the another laser irradiation was made to create the another thin layer. The objective three-dimensional article will be obtained by repeating these processes.
An epoxy resin based on cationic chemistry has been used as the UV curable resin for the photofabrication to obtain an excellent accuracy of the photofabricated articles. As a photo acid generator, opium salts, particularly, a triarylsulfonium salt has been widely used because of its good thermal stability. The profile of spectral absorption of triarylsulfonium salt does not match with emission spectrum of an Ar ion laser, which are 333, 351 and 364 nm. The triarylsulfonium salt thus dose not utilize the most of the energy given by the Ar ion laser which is favorably used for the photofabrication technology. Considerable effort has been done on development of new photosensitizers to enhance the photosensitivity of triarylsulfonium salt in the near UV region from 350 nm to 400 nm.
We found that carbazole derivatives along with the triarylsulfonium salt enhanced the photopolymerization of epoxides [2] . In order to expand the spectral sensitivity of the carbazole derivatives, 9,9'-ethyl-3,3'-dicarbazole (NEDC) and N-ethyl-3,6-bis(benzoyl) carbazole (NEBC) which had extended rt-electron conjugation system were designed and synthesized.
We tried to apply the carbazole derivatives to the UV curable resin for the photofabrication. Evaluation of the cure properties of the UV curable resin with the carbazole derivatives was made in comparison with that without photosensitizer.
We report here a photosensitivity effect of the carbazole derivatives in the UV curable resin for the photofabrication.
Experimental 2.1. Materials
The carbazole derivatives, NEDC and NEBC were prepared according to the previous report [2] . Scheme 1 showed the chemical structures of the synthesized carbazole derivatives. Bis An epoxy/acrylate hybrid resin with BTPS and the photosensitizer was employed, as the UV curable resin.
Results and Discussion
The absorption of carbazole derivatives spread out to the near UV light region according to the extension of the rc-rt conjugation. Fig. 1 showed an effect of the carbazole derivatives on the spectral sensitivity of BTPS in the cationic polymerization of ECC. In the wavelength region below 350 nm, BTPS worked as an effective photoinitiator in the cationic polymerization. On contrary, it was found that the presence of the carbazole derivatives enhanced the photosensitivity in the wavelength region above 350 nm.
The photosensitization effect of the carbazole derivatives on the epoxy/acrylate hybrid UV curable resin irradiated by the Ar ion laser was evaluated by means of the photofabrication. NEDC was used, as the carbazole derivatives. Fig. 2 showed the relationship between an exposed energy and a cure depth of cured resin which was obtained by scanning the laser light.
As derived from Fig. 2 , the values of critical energy for curing of the UV curable resin with and without NEDC are obtained to be 10 mJ/cm2 and 29 mJ/cm2, respectively. The introduction of NEDC enhanced the photosensitivity of the UV curable epoxy/acrylate hybrid resin for the Ar ion laser. Resin: Epoxy/acrylate hybrid UV curable resin
